We describe a novel fluorometric technique for simple, rapid, and economical assay of glucose by use of immobilized glucose oxidase and peroxidase. A cylindrical magnetic stirrer was specially designed to hold the immobilized enzymes firmly and to allow the reaction mixttre to pass through the enzyme layer easily, thus catalyzing the enzymic transformation quickly. Blood plasma can be assayed directly with no pretreatment. Ascorbic acid, uric acid, and creatinine in concentrations of 0.25, 0.25, and 0.2 g/Iiter, respectively, did not interfere. 
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We describe a novel fluorometric technique for simple, rapid, and economical assay of glucose by use of immobilized glucose oxidase and peroxidase. A cylindrical magnetic stirrer was specially designed to hold the immobilized enzymes firmly and to allow the reaction mixttre to pass through the enzyme layer easily, thus catalyzing the enzymic transformation quickly. Blood plasma can be assayed directly with no pretreatment. Ascorbic acid, uric acid, and creatinine in concentrations of 0.25, 0.25, and 0.2 g/Iiter, respectively, did not interfere. The linearity of theassay was extended to 4.0 g of glucose per liter, hence eliminating the need to dilute samples with high glucose concentrations. Results by our technique and by the otoluidine or hexokinase methods agreed well. The immobilized enzymes are stable for several months and can be used for several hundred highly accurate and reproducible assays.
Additional Keyphrases: improved immobilized enzyme technique #{149} procedure for small laboratories Many enzymatic methods have been proposed for selective analysis of glucose in blood and urine (1) (2) (3) (4) . Among these, glucose oxidase/peroxidase (EC 1.1.3.4/EC 1.11.1.7) procedures, both colorimetric and fluorometric, have been thoroughly evaluated and incorporated into automated instruments (5) (6) (7) (8) . However, the stability and the cost of the enzymes and instruments used have somewhat restricted the application of this technique to small-volume routine laboratory analysis. In recent years, with the advent of techniques in enzyme immobilization, these problems have been partly eliminated by the use of immobilized enzymes, owing to their excellent re-usability and long-term stability. Lately, different instrumental arrangements for using immobilized enzymes as catalytic reagents have been developed and used for economical assay of glucose (9, 10) 
reported.
This paper describes a specially designed stirrer that holds immobilized glucose oxidase and peroxidase within a tiny chamber for simple, quick, and accurate analysis of glucose in blood plasma, with use of a fundamental spectrofluorometer already available in most laboratories. Therefore, it is our intention to demonstrate the operational and economic advantages associated with the use of immobilized enzymes within a simple, tiny self-contained stirring device. As evidenced by the high operational simplicity, stability, and reproducibility reported herein, this new technique appears to be suitable for routine glucose analysis in small clinical laboratories.
Materials and Methods

Reagents.
Glucose oxidase (Type V, from Aspergillis niger, 1175 U/ml), peroxidase (Type II, from horse radish, 2952 U/mg), standard glucose stock solution (10 g/liter), and glycine were obtained from Sigma Chemical Co., St. Louis, Mo. 63178 and used without further purification. Working solutions were made by appropriate dilution of stock glucose solution with doubly distilled water and refrigerated until used. Homovanillic acid, acetonitrile, and cyanogen bromide were purchased from Aldrich Chemical Co., Milwaukee, Wis. 53233. Cellulose powder CF1 and CF11 were from Whatman Inc., Clifton, N. J. 07014. We used glycine buffer (0.2 mol/liter, pH 9.0). One gram of CF1 or CF11 cellulose was thoroughly hydrated, drained, then mercerized in 20 ml of NaOH (3 mol/liter) at room temperature for 3 h with occasional shaking. The alkali cellulose was washed with distilled water until the pH was 12.5 and the excess liquid was drained by filtration through glass wooL The wet carrier was immediately transferred into a 150-mi beaker containing 15 ml of acetonitrile solution inwhich 3 g of cyanogen bromide was dissolved. The carrier was activated at room temperature with stirring for 30 min, then filtered and successively washed with acetone (20 ml) and ethanol (20 ml). The carrier could be dried under reduced pressure for storage or washed successively with sodium bicarbonate buffer (0.1 mol/liter, pH 9.0) for enzyme immobilization. The washed activated cellulose was then transferred into a 20-mi vial and suspended in 2 ml of phosphate buffer (0.1 mol/liter, pH 9.0). The lyophilized peroxidase or the glucose oxidase solution was added directly to the suspension and the coupling reaction was allowed to proceed at 4 #{176}C in the closed vial, which was hooded on a dialysis cell shaker and slowly shaken during coupling. After 24 h the product was washed several times with distilled water at room temperature until all physically absorbed enzyme was removed. The immobilized enzyme was either used immediately or stored at 4 #{176}C as a suspension. Figure 1 shows the instrumental arrangement for measuring glucose. The fluorescence at 424 nm (X. = 315 nm) was monitored with an Aminco fluoromicrophotometer and the output was recorded by a Beckman linear recorder. The fluoromicrophotometer was slightly modified by the inclusion of a dc motor and a magnetic-reed switch beneath the cell compartment ( Figure  2 ). Power to the motor was supplied by a Heathkit Model IP-28 regulated power supply to assure a constant speed, which is very important for obtaining high accuracy and reproducibility.
The counts (rpm) of the magnetic stirrer was indicated by an electronic counter that sensed the pulses obtained from the reed switch. To keep the immobilized enzymes from dissipating throughout the solution, we designed a special magnetic stirrer (Figure 3) . The body was machined from poIyethylene and had a hole drilled into which a small magnet was inserted and sealed by epoxy cement to keep the solution from reacting with the metal. The nylon cloth tube was made by wrapping nylon woven screen cloth (HC 3-20; Tetko Inc., Elmsford, N. Y. 10523) around a glass tube of the same outsidediameter as the stirrer and gluing the ends together with plastic rubber. The resulting nylon tube was glued to the body also with plastic rubber. The immobilized enzyme slurry was placed into the groove through the holes on the top. After the groove was filled with immobilized enzymes, the tube was tied with fine nylon fishline.
Assay Procedure
To 3 ml of glycine buffer (0.2 mol/liter, pH 9.0) and 60 il of homovanillic acid, 4 g/liter, add 5 il of either standard glucose solution or plasma to be analyzed, mix well, and transfer into the cell containing the enzyme stirrer. Stir the reaction mixture at 900 rpm and measure the change of fluorescence at 425 nm for 3 mm. Read the glucose content of an unknown or plasma from a calibration plot zf/min. vs. glucose concentration. After each run, wash the cell containing the enzyme stirrer for 10 s with distilled water on a vortex-type 
Results and Discussion
Effect of buffer and pH. The effect of various buffer systems at different pH's on the overall reaction rate was investigated( Figure 4) ; glycine buffer at pH 9.0 was the best. Though the pH optima for glucose oxidase and peroxidase have been reported to be near pH 6 and 7, respectively, a pH of 10 favorsthe fluorescenceof oxidized homovanillic acid, and pH 9.0 is a compromise pH for optimal enzyme reaction and maximal fluorescence RelationshIp between the stirring speed and overall reaction rate of the indicator. Possibly the superiority of glycine buffer is due to its superior buffering capacity to phosphate, and (or) to its smaller size, which might cause less steric hindrance in enzyme reactions than tris(hydroxymethyl)aminomethane.
The effect of glycine concentrations ranging from 0.1-0.4 mol/liter was also studied, with use of a control serum, Monitrol I. The optimal concentration appeared to be at 0.2 mol/liter ( Figure 5 ).
Effect of homovanillic
acid. As Figure 6 shows, the rate of oxidation of homovanillic acid was closely related to the amount of homovanillic acid used. The fastest rate was obtained at 0.24 mg of homovanillic acid per assay. Excess amounts of homovanillic acid decreased the fluorescence formation, and this was also observed in other oxidative enzyme systems previously studied in our laboratory.
This may be due to the inhibitory effect of homovanilhic acid on peroxidase or to the competition between the excess homovaniffic acid monomers, thus slowing down the formation of fluorescent dimers. Effect of stirring speed. The effect of stirring speed on the overall reaction rate is indicated in Figure 7 . The fall on either side of the optimum was evidently due to an increase or decrease in the rate of substrate penetration into, and end product leaking out of, the groove compartment containing the immobilized enzymes. Though the highest reaction rate could be achieved at 1200 rpm, tiny air bubbles formed in the tube at this speed, causing high noise in the recording. Accordingly, we used a speed of 900 rpm for the remaining studies.
Reaction rate and linearity. A rapid reaction could be observed 30s after the reaction mixture was added, and it was linear up to several minutes depending on the glucose concentration in the sample. We measured glucose from 0.5 to 4.0 g/liter and constructed a standard curve (Figure 8 ). The linear range was up to 4.0 g of glucose per liter.
Interference. Several important metabolites found in blood, such as ascorbic acid, uric acid, bilirubin, and creatinine, reportedly interfere in glucose assays. These materials were added to normal and abnormal pooled plasmas, which were then analyzed. Our results indicated that both uric acid and ascorbic acid have no effect in concentrations of less than 0.25 g/liter, while bilirubin and creatinine in concentrations as high as 0.13 and 0.2 g/liter did not interfere. Some other chemicals were similarly tested (Table 1) .
Analytical recovery.
We added standard glucose solution to various plasma samples to give final concentrations of 1.3-3.7 g/liter (Table 2) , and each sample was analyzed twice. Recovery ranged from 94-105%. (13) and hexokinase (14) procedures was 0.979 and 0.991, respectively. Comparison. 
